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lD.tract
ln eqrrtlon to prcdlct tbc potcnttal dLlreger lncrcrcnt of
cyprelr plnc lterr ln lndlgcndr! forertr 18 dcvelolrcd. It
requirea tree dlan€ter (cr dDlrobr, ltrnd Drlal arca (rq
r/lEr' !l.te forr (t) lttd tlre llnc€ lalt lllvlcqltural
trertrent (tears). Indelr€nd,ent tests indicaie tllat. Lbis
equatlon ray be prone bo overesthatlng th€ lncrctcnt of
dortnant tree6 trlth hcalry dleback-free crdrtB arrd uleful
ster Eotr, Dut lt does provlde r rcalllttc rrrt|r!
attrltrrble lncrcrent for ure ln tha grorrth rodel.
ln unpubltlhed rcport for lnt.rml clri.ulrt lon only-
f,ot to be clted elLhout penllslon of tbc auEbor.
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l. htro.trctlar
Xlre ltrtd lercl approacb to rodeUtng 1! gcncrallt roburt,
but ray overelthate d,hreter increrentr urder certaln
condltlons (eg ltands rrlth vc"y toy !toc:ttrg). fn order to
d"tcct any ovcrcltl.ater, lt 1r c:pedient to lnclldc ln tbe
rodel an cquatlqr drlch prcdlct! the larlllI ferllDle
indlvldull tree lncrcrcnt!.
2. lltarrtur.
fn ordcr to detenlne the rarlrlL feallDle lndtvtdual tree
lncre!€nt, Icsrbrr (],95ilt r3!r.Lrd, that tba grqtb of opcn
gro5r treer t|' tlre lare r! forclt treer frlr of
cdpetltlon. Hrbr and Lcrry (1979) conterd thrB oprn grotlr
trc€s r!'y eirlblt a d.lffcrent d,lltrtbutlqr of lncrelcnt
beteeen bole ard Dr|nchc!, cnd are thu! rrrlultcd for
c(Llrarla(D wlth forclt tree!. llabn and Ecrry (1979) urcd thc
95tb tercentlle of observed gror.th to approrhate the
corpctltlon frce gr6rtb. Vanchy (1983 p.102) argues that
tblr 1! ltkelt to yleld r btrled cltlraEr r! lt trill favour
lncrerent! attalncd durlDg good lcaron! rrd dctcrrlncd frd
polltlvely bl,aled rcalurerent error!. lte rpproprlate
al'l,rorch la io ur€ lncrerent! fra|r trec! lubjectLvely
dcterrlned. to be free of copetLtlon.
Irdlvldull tree lncrercnt! rry De predlcted ln a vartety of
$ayt t
a qirth lncretcnt try De predicted a! dlueter brealt hlqD
over brrk (dDlr, tncrc!.nt ln ccnthctre! (eg. Vrnclry
1977, nelt lg8ol, ,
a glrtb tncrerent ray bc predl.cted a! basrl |rea lncrerent
ln lqr5re retrc! (e9. Opte 1958, nelt 1980), or
a hel,ght lncrercnt rry be predlcted, and thc corrclpqrdtnlt
glrth lncrerent detcrrlncd frc rore hclght - dllrcter
rclrtlonlhip (eE. l|I.tcbcU 1969, EI |td. Iht'ron 1976).
t lbere !'re Lnn|Lcrablc Publlcatlqtr prerentlng lncrcrent
equ!.tLon! afrd, for corNrcnlencc. cltqd refcrcnccr rrc
r.c.trlcted to tt'o ea.lly locatcd rcfcrcnccr. preferrbly
derllng t.lth Aultrall|n lFclcs. Rerders seeklng a rore
coaprelEnllve revl.ew of the lltcrature are refertd to
Vanclay (1983 pp.85-Ua) -
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Vuclay (1983 p.85 gg gaq.) crltlcally ret'le!€ thcse
apProacbe! atxl colrcludc! th.t tt t! und.cllrrble to derlve
dllratcr lncrc!.nt fror an elttrrte of hrlgbt lncrcrent, at
thl! approacb has at lea,gt o!!e lore proDler over tbe rore
dlrect aplrror'chG! ! tbat belght la even lore dlfftcults urd
lnrccurate to lealure than dtarctcr. V.nqlay (1983 p.A5)
lhort! rn lytlcauy tbat lt 1a lrrrterl.al eh€tbcr dlrrctrr or
balrl rre. lncrcrcnt 1r prcdictrd. ltt! relult Ir cqrflrrcd
ln €rytlrlca1 rt\dlc! bt nert (1940). Vanclcy (19a3 p.A6)
alao arguc! that therc 1! llttlc d,Lfference DeEeeen tlre
groryth !t!rl tlcld forrrlatlqr!, protdded tbat r raEllfrctory
dlltrlbutton of relldurls k attatncd. Dfurcter lncrcrent 1r
Preferred rs lt ir conccpturlly lore cotrt'enl.cnt. Hooever,
therc la clea.ly a clo8e rclatLonsblt, bets?en dlrt.tcr
lncrcrcnt ttd balal rrea lncrcrcnt, ar|(t botb rhould bc
conrldcrcd $hen revldtng tb! Ilgcraturc.
the rort sldelt uled equatton for dl[cter lncrerent li the
rhple quad.ratlc
D I  . a + D , r D + c * I l * * z
419! h"" bcen ured Dy tcak aDd cr!.D€r (1976), Vrnclay(1977), Alci.ag (1978), nelt (1.980,19411 and rury otb.r!-.
Irnfortlrutcly, thl.r equrtlon often kad! to ruEhtlt rblurd
re!ult!. I|ic cqurtlon! of Aleldrg |trd l|Glt cqttalncd a
rlnirr.[ but no r|rh.L, rrd thu! prcdlctcd ever-l.ncrea.ing
tnqrcrcnts for lrrgcr.nd hrgcr trces. qurd,ratlc equatloni
rat Provldc rcll.!.ble 6lt1latcr for grfitb ovcr a llrltcd
ruEle of dl ctcr!, but rre Lm3uLted for urc ln lqrE-terr
g:roeth aLrulatlon rodel..
llaelon (1982) r.cognlrcd thclc llrltatlonr of tltc popular
quadratlc equrtlon trrd, propoled thc erponentlal equatlon
[ , n ( D f ) = a + D / D
He argrred thrt the prnrctcr r could bc ctpr€lled rs a
functl.dr of !ltc, rrd tbe prrareter b ar !' furctidl of
PrevLou! ltand. treatrent. Itrtr equatton ray bc rqe
l.+troverent over the quadratic, Dut suffer6 the sane f.u1ts
of proDaDle bla. nerr tlrc ltrlt! of the d!ta. It ray allo
allq. trcc! to cqrtl.nue groeltrg to lnflnlte rlze-
CoIe and gtrge (1972r, gtlge (1973) rrd lNtrkoff g& 41 (198?)
ulcd rn equatiqr lncldlng crlronentlal tcrD ln coltrEtltldr
and !i.te, Dut rdicb lrpltcitly lugqelted tbrt balal rrca
lncrerent t|ar dlrectly proportl.qEt to dlu€tcr. Hrtcb gl EL(1975) uEed an cqurtl.orr r n ch !4rllcltlt Grpresscd dl||eter
lncrerent r' a llnc!'! furctlqr otr balrl rrcr. Ch€n lrd Role(1978) lugg€ated an allcetrlc 
€ql!'tlqr
BI _ r^Br*b
AII tb€re equrtlon! ruffrr thc rarc rbortcorlng! aa above.
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Clearlt, erplrlcarl eqratidt! do not offcr a grert d€rl to
correrd thc!!eLvc!, |rrd thc lo-called Dlological or gcn*a!,
tbcoretlcal Gqurtlqrs ( S$edr |trd |(olde 1981] lhould lr€
coo!ldcrGd.
Gencral tbeorctlcal equrtldr! rrB brled on alluptlqlr riich
glvc at lc|'!t a tentrtlvr clplrnr'tlotr of thc rechrnllr ofgrotrth ln gen€ral and g prlorl tcn! ( $redr and f,olde l98l).
lte Brrtahnffy cqurtlon ( Bertrlrnffy l9{2, Cbrfrrn 1961,
Rtchrrd! L959, Plenaar rnd ftrnbull 1973, tr rlrcctilc to the
groryth of antral!, bub tr at besL, quael-tbeorctlcal i{h(ir
applld out of contart to the dlareter growth of trees.
dD/dt E a*D ^b _ c,rD
Derptte thl!, the Bertalanffy equatlon ta wldely used to
predlct dlareter tncre.entr (e9. Cr+tbclf 1981, V.nchy
1981), rnd generally tlelds. rr'tllfrctory relult!. fhe
Bertalanffy eqiratlql oyerc(Lc! r|ny of thc lhortcqlng|r of
crplrlcrl cquatlonr, and provldc! for ar aryrptotlc rarh,!
ditreter rfrlch crn nevlr b€ crc€rdd ( Crrpbeu, 1981, Vanclay
1981, 1943 p.94, Sblflcy rnd. Brand 198{).
A rllgbt vrriattqt of th€ B.rtalanffy cqurtlon ir the
egurtlon of llahr.nd f,cary (1979) |t|d l.ctry (l9AO)
ilD/alt . a + brD**c + dasl,rcR^D^,tc
Itlr equatlofr lncl\dcr an lntcrcept, r, rttlch irprov.! tlrc
predlctlon of lncretents for aral.l trees, Dut detracts froe
tbe thcoretlcal rlqnLfiqance of the oth€r pcrarcters. It
allo ratr.!e! tbat tbe 91te Lnder anrl cr<jwrr ral-io affecL crnly
anabollsr ( photoelmthesLr, and do not dfect cataboliat( reaplration) .
B9t!!" eg qI (1972) devlled a rore etplrlcal equ!.tlon e^ichyleld! rpprollrrtely tbe !r!e forl oa relatlonlhtp, and canb€ flttcd errlly rflth rlnlrrl datr:
rlD/dt - 9^D*( I-DAH/ (IlrrrfLrr, ) / ( 2,tlr!tH + D/tlt*dllldD)
lotkln uled !' llrple qild,rattc to rcprcscnt tbc helEbt
dllrrcter relattonrhlp (Ncr ard Srlth 1955r, lecytng only
tbrcc prrrrctcr! to b€ elttratcd, g, ILrr trd lLr!. It o of
thcrc, rL-: rnd Inrr, crn cart ly be lubjcctlvaly d€tcrtlncd,
and Botkln elttrated thr parareter g frot ILlr ird thrr bt
arlurlng thrt trcc! rttain tso thtrds of thclr Dtlrr! slre
at brlf thctr rrr1.].! atte, or Dt choostng tbc lrrructcr such
that
g . 5 . D I . a r r E r r r / I h r
ltuc Botkln could e3tlrrte all hlr coefflcLcnt! frq lLrr,
ILr! arrd clthar Drlrur agG or rarllua oDrerved lncrcrcnt,
and no paraneter neea be deLerllned by regresston analysls.
! rltght vorlation on Botkin,s approach t'ar used by Reed ardClark {1.979} ard Reed (l9AOr,
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Vuclay (1983 p.92) corpares tlrese three equationt{Bertalanffy, lbhn arE f,eary,.8otkln g! Elt rrd dcronstratcr
tbat tbr lbapc of tlrelc curvca fu lufflclcntly 31rt lar thrt
rctlur€! luch a! resldurl lut gqr.Ere! are unllkc1y to
dlltlngutlb tbere for tort data !rt!. Hosever, VanCIay(1983 p.94 gL seq. ) [$.]ee tbtt thcle tbree eqiE'tlql! arc
lnrpproprlrtc for pred,lctlrrE dfrret€r lncrcrcnt, ard rry
lcad to Dla'r ln csttr4ti.ng lncrclcnt of lrrge ltcrs.
lfter !' detatled rtudt of grotrlh equatlon!, Strdr rnd l(olde(1981) oDlcrved. tbrt no pfftlqular tbeorctlcal, equatlqr then
cll3ted for tbe rldial grot'th of trce!. Ho$rver, Vanchy(1983 p.94 qt req.) ha! aince devcLopcd luch an cguatl.on. It
1! based qr the Eertrluffy equrElon, but rccountr for the
fact that a tree la pbyslologl.cal ly dlfferent to the anlnals
rnd a'|lr.I tL!3ue! for rfilch tbe B€rtalanffy equrtion t.as
develolr€d. In prrtlcuLrr, 1t account! for the fact thrt
altborED ar dtlrrl 1' al.ort enttlely cqrolcd of llvlngt
tlalu€, r trcc la 'a tlln lcter of llvl.ng lcpulchra
enclortng o groelng corple' (llarper L977 p.zLBr. It ir tbl!
equttton (Vuclay 1983 p.99) lrhlch tdU be ured ln the
prerent ltudy:
DI = f(Sg) * g(SBt) r D ((Ih!t/D)**r -11 't h(D)
ehcrc f(SQ) l! soe fi.[rcti.dl of llte qurltty, g(SBA) 1! lote
functlon of ltltld balrl rrea, h(D) ls !o[e fi&ctton of
dbhob, rtll ILar 1! tha t rlrut.ttaln.bIc dlhob.
This equrtton trplter tbat tbc dlareter increrent pattern 1!
dcterrlnrd Dy tree ai.re cnd not by stte productlvity or by
atttd Dalal area. fn the rblence of co{retltlon for llght,
dflinant trec! lay attaln tJte rrre !!ze {Ihtt) r€gardle!! of
tlte productlvlty or ltand b|!al arer- Houever, the rrte of
dlareter lncrerent l! detenined Dy botb slte productlvlty
rnd Dy Dasrl arer.
3. Ibtr
Durlng the perlodr 1937-aO lnd 1955-54, a gotrl of ll7
d"talled ylcld plots (DIP., $ere crtrbllsb.d dr thrce rajor
cypre!! plne reaertrcr (Strte Forert! l5l. 3O2 rrd 3ZB,
Flgure l, to grtbcr lnforDtlqr on tbe lrleld of tlre forest
rmdcr current rarEgetcnt prercrlptlqr!. Sorc of thclc
perrnent Lnventory plot! trerc located ullnE syltetatlc
scbcrc! Eltb r&dor !t!,rt!. Otlrerr t.crc bared o.r a
ttrrtlflcd luple of lrrventort (PIS) plot! r1!o locatcd
ull.rrg | ltltrEtic lchllc ralth rurd,c !ta.rta.
ale plot3 are g. 0.a hectarc (l acra) rcctrngulrr plotr
EtrDdlvldcd lnto four gurdrat! on t.tLcb each tree trller tbrn
S. 3 retrcr ( 10 f eet ) ls trdlvlduaUy rubered, trgged rnlt
Rq-
ffi\)
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reacured- llealurercnt! t.rrc lnltlally crrrled out eve.y Z-3
y"rrr, Dut tbc current prelcrlptlqt 1! to rcalurc "yery 6
tear!. lddltlq|al roalurc! are carrLed out at tlr€ of
logglnE or sllvicultural tr€aticnt. Plot aeasures record
the d.b.h. of every stel at every learure, but hetEht! and
gther prrueters are recordcd le!! frcqurntly.
Unfortwutely, only dltr prlor to 1975 are rva'lllDle for
coF.rter |nalylir.
Approtlrrtely ten percent of there avall.blc datr hrve bcen
reserved for valldatlon (Vanclat 19a5D, anat elll not bc uled
in tlre developrcnt of the d,hreter lncrctcnt cqurtlon.
4. hrlt lt
f ire DyP data Lncludes perlodic assessmenbs of tree donlnance(Dorlmnt, Codollnant, etc), croq[r denslty (Hervy, l|cdttl,
lblnr, and stct cla.r (Uscful, Iloubtful, ctc). Hoeever, ln
1975. lnstead of a crout denslty a!!e!3rcnt, rn rllcrltent
of crosn dlcbrctl $rr carried out. licle rrlclrtent! oEre
urcd ln dcterrlnlng r.hlch ltcrr $err frec of ccp€tltlon
tnd/or tlcre ltkelt to crhtblt htgh lncrerent!. Xean dlareter
lnqrerents of cypr€!3 plne rtr|! t'ar€ calrutcd for all
cla!!c! l!ae!!!d, LrreEFctlvr of the lncrqrcnt lrcrlod. lte
rerulta (hble l, clcarly lndlcate tbc dctnllnt ard f reed
steD, ater! sith harw or d,teDack-free crosns, trrd uleful
or d,oubtful lter! erhlbt t tlre gtcatclt lnqrctent!.
lbla lnforlrtlqr tras uled 1n lelectfirg stcrs for u8e ln
dctcrrlnlng tbc r.rtnr attalnrble growtb ratc of rel€cted
cypress plne !tr|!. In ordcr to enlure tDrt dlereter
lncrocnta sero rccurate {rd rclerblad lnltrntucout grortb,
rcalursrent pcrlod! lr!! tbJr thrrc tear! (Vrnclry 1985c, or
Ereater thrn elgbt tcar! (Hsq!/t 1959) t'Ere rcjectcd. In
order to D€ lnchd€d ln tlre rrultll!, lterr t'cre rcquLred to
reet tbc folld.lng crltcrLa:
+ In l97l a crorrn dte.lEck condltion bcEan lffectlng the
cyprea! pl.ne on State Forest 15,1, roreLlres causllrg Lhe
de.'tb of only a f€!. brencb€s artd at other Llreg
rcrultlng ln tbe dertb of the trce. 1t1! pllcnotenon ba!
bcen attrlbutcd to s.terlogglng folldltlg r prrtlcularly
s€t lrDer (tbor.! qL ll f980, L.rb rnd nrlrb 1.982), rnd
rat b! cqrrldcred r corilcqucnce of norral fluctuttlonr
Ln tbc nrtural lnylrot|ront (Lrrb rrd l|rllh 1982).
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IIIA f . Dlll.tcr fncrencnt |rld Stcr Statu!
Attrlbute
Dicreter Incrcrcnt( cr/|nn)
Subrcqurntl Prevl.out
Pcrlod I Pcrlod
I Dorlnance
Dclnrnt
Codcln|nt
Intcrrcdiate
Supprc$ed
Frccd
Ultderltory VLgorou!
Xqr-vigorous
I
I
I
I
.26
. 2 3
. 2 2
. 1 5
. 3 4
. 2 3
. t o
. 2 7
. 2 4
. 2 5
. l f
- 3 3
. 1 9
. 0 9
l -  I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Crou| Ilenrlty
Hervy
lledlur
1lr1n
. 4 1
. 3 0
::
.39
. 2 7
. 2 2
. 3 5
.06
. 2 5
_L-
Dlcback
f,one
lop of CroEn
Loser Cror[r
Ster
Ureful
Doubtful
Urele!s
necrult Ureful
Recrut t U!elc8!
Loggred Ureful
Logqed lt!clc3!
Treatcd
Sracb€d
Drrd
.21
. 2 2
. t 2
. 2 3
. 1 5
-
. ? 5
. 2 3
. 1 3
. 1 3
. 1 0
. 1 5
.03
. 0 0
rust be dorlnrnt or frecd durlng the prevLour atrd tbe
current pcrlodi
rult iAvc a h€rw crqrl, free of dlcDrckt
rult bc uleful (o! uteful rccrult ) r,t cucncetent of
prevlou! perlodi
rult b6 ulcful rt cEcncclent of current p€ri,od, and
rult bc u3eful (or logged ulcful ) at erd of current
parlod.
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Hafever, ghcle cri.tcrla relultad Ln lnlufflclent lrall
tterr, urd the lrrllclt rtet n! g. 8 cr. In ord.cr to
accuratcly deterrlnc tbe qrot'th pattern (!cc Flgure 2), it
I|aa necerlrry to lnclude rore rrall rtcr!. Only flvc lter!
t.irlch $ere rccrut ted at tha cuencclrnt of the current
perlod erblbltrd dortrnt of frlcd !tatu!, heavy or dlcDack
frcc crotrl and useful rtcr forr. ln crarlEtlqt of lncretent
rrtea of thcle recent rccruiE! rcvc!.led thrt othcr lter
clalae! erhlblted caparable lncr"acnt!. ScvGntt four rtelr
el,ere lnltLclly lncluded, Dut tbr€e of thele of c. 7 q
dbboD rnd c. 13.6 r lite fon rrlrlbltcd r.nru$rat-ly htgtt
lncrerener $hlch conslstently resulted in exiecglve
rellduals, and Eere subsequentl.y ercluded. Table z
lrdlcates tbe addtt,ional 7l rters tfiich rEre rdrltted to
further rrllyrlr. fhere !Eel! eere all racrult€d rt the
couencetent of the currcnt p€rlod, rrd rlt rrltbtted bcavydlebrck frce crotan! and uleful rtor fon-
tlr! 2. Incretcnt Rater of Recent Rccrult!
Ilorinancc I Xubcr I
t l
l l
Incrercnt {cl/|tm, I(Pr€vlou! Perlod) |
I
Doltntnt I
Codotlnant I
InterredLcte I
Frccd I
Utrderltorey I
I
I
I
t1
I
2l
. t8
.57
.51
.12
.40
lt dlrtrlbutiqr of tbr rcsultlnq 362 .tc']s i! lndlcatcd. in
Table 3. Prelhlnart analtlls of thclc data lnd,lcrtrd tbrt
plot (9. O.l br) eltlrrtcr of lltc prod,uctlvtty and
ltrndlng br!r1 rrcr erhlDltcal hLghcr corrcl,rtlonr sttb
lncrerent than dld qurdrat (9. 0.1 b.) Gltlrate! of tb€
ranc Faraletera. Ihur plot sttc fon (r) (Vanclay l985a),
rrd plot Dr'srl area (sq t/ba, bave been used throughout the
analyrl..
The cquatlqr swqested by Vanchy (1943 p.99) ttar rodlfied
to produce
PI . (fr+qsq ) rfp( rSBAt 'ihP( dIRt *D*( (ILrr/D) ^^t-lt'rErp( uD,
rilcre ln Ir tlrc relponle to lllvlculturtl treitrent
erpreared
lR = TliIr{IsT/Erp ( fttT)
aDd TSE t! th€ tLre llncc lart lllvlculturrl treatrcnt(Vancly 1985d). Itrl! cqu!,tlon rr! found to bc rorc luitcd
to the currcnt .rnrltsl!. Stard bllal arca rrd lllvlcultural,
trcrtrcnt botlr ctGrted r lurprlrlrrgllr strong effrct on tbcae
trces delplte tbclr dorlnrnt or frccd !tatu!.
- 9 -
-t 3. Iaturc of Drtr Ured.
Attrlbute I Unit! | Hlntrurl l|een I Xaxtrur I
t r t t l
letreg
rq r/ba
cl
SLte Forr
Staid 8!.ral lrca
Dlar€ter (dDhob,
Dlareter Increrent
Stocklng
rlrc atnce lreattcnt
crlann
lterr /br Iyerrr I
L2.a
z . L
2 . 1
o.  03
155.0
l . t
l 5 . o
7 . L
z t . l
0 . 3 9
5 1 3 . 2
8 . 1
1 8 - 8
1 3 . 3
a3 .o
L .a2
L300.o
18.  o
I
-In this - equatlon, tlte uritr.[ rttrlnablc di.lreter llar raybe elthated fro. the data using regre66lon analysls i.i
6ufficienL large stels are avaLlable. Unfortunateltr, ln the
present sbudy, tlte largest rters avalla.Dle were only {3 cl
dbhob (Trblc 3r. lees bban balf the abbalnable gl.ze. in Ehlc
Lnltance lt Ir dcrtrrble to nclnrtc l0O ct dhbob a! the
Drlrl.! rttrtnable dlueter. D.prrtr€ntrl rccord3 reycrl
tbrt !tcr! of 97 cr dDbob brye Dcctr loggod ln thc pr!t.
Lcey (1973) record! ltelr of 59 cr dfrhob, and Brtcr ard
Stlth (191,0, rccord rter! e:ccldlng tbr€c fcet tn dl.retrr(9. 91 cr dbhob).
5. L.[|ltr
Itre rerultlng equrtlon l|y b€ ctprelred
2 -TS|T
-O.08oO5SSA o.3286T5l' e
e  , t e
-o.0aa21D
R = ( -0.06357+0. Oo7A09S0 ) r
0 .5254
DI = R ,r Dt(lOO/Dt - l ]  ' t  ! ( r )
rtlr€re SQ_l! llte forr (r), SDA 1r lttnd br'lrl arcr (3q
r/br), TST 1! ttrc rincc hlt lllvlcultural trertrent-(tear!, 
, D l! dLrlctcr ( cr dlrbob) , DI t! tb€ dltrctcr
tncrelent rrd e 1! thc natural nl[bcr 2.7t8...
lic cquatl.on 1! lllustratcd ln Flgtlrc! 2, 3 rnd a. Dtueter
Lncrcrcnt 1r grettelt at g. 5 cr drrhoD, rrld Dccore!
ncgfllgible aDovc 50 cr dDlrob. Sltr forr atcrt! r' powcrful.
Lnfluence qr dfureter tncrelent, ttrd. no grosth la porrtble
on !lte! poorcr ihrn r19ht rctrc! rltc forr. Stand Drsrl
area rrd rllvlculturrl treatr.nt also erert a stronE
lnfluence on tlEse dorlnant s, eveir at very loe, levetg of
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balal ar€a.
Forril tc!t! for tbe rtrtlrtlcrl llgnlflc|ncc of ghcle
prranet€r! ffe prclentcd tn lable a. Afthougfr parueter! p
and q lrlcld. lop vrlucs of rtldrnt'! t, that rra tcceptcd rt
the ten pcrcent kv€l. A drc-trttcd t-tclt l! adequatc as t.c
lnlllt tbrt p DG ncgrtl.vc rrd q bc polLttve to rttcln a
rcallltlc groetb trend eltl llte forr. In rny qr.e,
prr|Ictcra p |td q baye conlldcrrblc blologdcrl
llgnlflcrnce. Illct produce thr prcdlctlon tbr,t no grosub ir
trolllb1c rAere rlte forr ls Dcl,oir clqht tctrc!. ltl! ls
lupttorted Dy tDc oDrsrvrtldr tbat no rltc forr Drlow elght
rctrc! br,s evcr Dccn dltcctcd ln ctrprc!! pl.nc (Vurchy
l9A5a l .
llte rcllduals resulting fror thls equ!.tlgn s€r€ lrtlrfactory
aryl erhlbltcd no prttcrn edth any otb€r prrarctcr crarlncd.
llCtcvcr, forral t.!ts (Trble 5) of the dlstrlbutlou of
reslduals resulted In conlrardlcLory rcsulls. Inllr€ctlon of
tbc rerldual! reveal€d tbrt thay do ln facE, closely
rpproxiD,te the nonrl dlstrlblrtlqr, ctcept ln the ,tatl!,
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IIIA l. Elttrated Par.rleberu
Pararctcrl Eltlrrtc It
r  |  -O.O8OO5997 l
8 | 0.3285230 |
r I 0.5257753 |
u | -O.Ol12l332l
s.E. I  r  I  sls. l
P | -0.063s737A I _ t  |  , l0 .01767361 r .35 |  |
s |  0 .007809151 o.oo5r725l
0.01255311
0.143803 I
0.182503 |
0 .0095o1s1
r . 4 3
6 . 3 3
2 . 2 9
2 . A A
4 . 6 0
of the d,lrtrlDut!,qr, $berc overertitrter w€re Dctter (1e
closer Bo the true valuc, |ttd wrdarcltlrate! sere trorrc than
arl|.[cd under thc norEl dtltrlbutlon- Itrl! 1! ltkely to De
cauled throuqb tb. ulc of pl,ot br'lr1 arca Euher tbrn polnt
brltl arcr at the lubtcct tree. Al,thor.gb thc rc|n dl.ffelence
betseen the actual .esldr.ral dlstrlbutlon and tlr€ norlal
curve tfa! 
 all (O.Oil3 rt.rlrdard devlatlons), the consisLenL
pattern of th!! dlffcrencG br! produqcd th! rrthcr rlarrltlqr
ltldenf '! t rtatlstic.
-rr 3. Diltributlon of Rclldurl!
TeEt I
I
I
Crltlcrl I Tert I RcsultVrluc (It) | Strtlltlcl
l l
Student'! t INolrogorov-Srirnov I
I
2.575
o.085
6.736
o.033 I 
Retcct
I Acccpt
I
HOI
H 0 l
I
HOr Dl3tributlon
Hlr Dl.!t rlbutldr
I
of
of
realdrral !
r€!1du,Lr
I
1r
I t
I
lo r ra l  [ (0 . ,0 .03529)
not norD.l
I
5. lLrtto
IIlc valldatla|rr drta serc procclrcd aractlt rs sere tbe
devcloFent d!ta: dfurctcr lncrctrnt! Daled d! Ircrlod! of 3
to 8 year! eere ccputed for ddln nt lnd frccd !t€!r elth
b.ayj/ dlcback-frcc crolrrr |rld uleful ltcr fon. ltl! tlclated95 data set! rblch rrre u!€d to valldate Equatlqr I (TaDlc
6 ) .
f,o bla! lhould D€ cvldent rfrGn cqurtloo I 1! qrfrltcd to tbe
dcvelotr.nt dttt. Ib! llrll blr'! cvldcnt ln lrblc 5 1!
attributed to tbe !.ccuiulrtlon of rornd{ng "rrorr.
lnalysls of the valldattoh data reveala a .ighlficant bl|!.
Eqr.lattqr I evtdentlt overeltlrates dlaneter lncreaent of
-  L 2 -
I.IE-I 5. Bias arral Precl.sLon of Esti[ale
Sourcc I df I Blas I SE I t I StS. l
r t t t t l
I)"vcloprent | 3611 -0.008081 0.009801 0.831 - I
r t t t l
Valldr.t lon | 9al +0.095751 O.01607l 5.951 *,t*
Vrlldation | 481 +O.O59O'll o -o252Bl 2.3il1 *|  
_ r  _ _  l _ l  t _ - I
dorin nt 8ter8 in tbe valtdatlon data. Forty-sk of tb€ 95
ster! trere derlvcd frd a slngrlo plot, |nd rolt of tL€le
grclt lorc lloely tban predlcted. H6rcvar, tfi€n tbk plot
tF.a reroecd fra|r thr vau.dr'tlon drtr, polltlye bla! tfa!
atlll evld,ent. Drlpltc tlU! tcrdcnq/ for tbe e$.stlon to
ovcrcltllrtc lncrcrcnt, tber? nr no evldcnqc to luqg|clt
tbrt the prttern of tncrerent rltb trcc !l.ze n! 1n rny $ay
lnaccul!.te.
Fortunately, polltlve Dlr! ln tb13 diucter lncrclent
cquatldr 1r of llttlc cotr!c<|r!nc", !'s lt t! arploy€d qrly r!
a check on polslDle 
€rcrrllve lncrerclrt! dcrlvcd fro tbe
rore robult ltrnat De'tl rrar lncrclcnt aquatlqr (Vanclay
1985d).
7. Dlacuarlc
Scvcral cqurtlqr! for predlctlon of. dlrlcter lncrerent! of
clrprelr plne have been fxrbuEhcd (eg. Johnlton 1975, lhner
1981, 19831, .ttal lt l! tntcrcltlrlg to cqprrc tb!!c slth thc
current cquatlon. ilobnltqr (L975 9.? 3, pre!6nt! an eqrs.tlon
rdlcb predlctr for even-rg€d rtardr, tbG current annr.Ll
dltrcter lncr€lclrt of '!elcct!'f as r functtqt of tcan
relect dt rcter |td Eotrl ltocllngt
DI = t-5551 -O.OU29Dr -0.3615Iqr(S,
iloDnlton (1975 p.25) allo glver a ralatldlrblp bcts€cr rcrn
relect dlrlctcr ttd rturd lcrtr dtarcter,
D - }| lnfDr, D!*(l.79ll -0.3295Lo9(S))t
$hlch allo?s blt equrtlon to De erpressed a'3 a function of
rean aelect diareter and stand balal rrer.
t Selects are tlte best 173 sters per hectrre relccted qr
the btlls of fon, vlgour rtd reLrtlve porittsr tn the
rtrnd ( Jobnaton 1975 p.5).
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HrEer (l98l) qrlves a dlrrctcr rgc relatlonrhtp ( eqtlatlon
M dd a curvc for 'Dart grostb' trhlcb 1! appro[tDtcly I.5
tlre! tbir equrtlofr. ltl! rclatloolbl,p erprcllca dlarcter
a! a fllrqtiqr of rgG, Dut can De rs-.rrurgGd to glvcr
DI . O.OIt,l * (1.5'r35.99-Dt . 0.799-O.0ttaD
ltrDcr (1983 p.124, gtve! . rattrr rorc cdplcr cqurtr.on to
prcdlct lndtvldull trcc b!'lrl rrca lncrclcnt r! a fi.[rction
ot LEe, rtte lnder (lla|rer 1981), atard denrlty lnde:(Relnete 1933) aDd tree bala'l area. Itrl.! equattdr relulted
ln lncrerents sell ln crcela of any of the above, anal $ag
sca1ed to a coryEraDle rate to allo' corparlson of tbe
prsdictcd pattern of g?orrth.
Ilrere equatlons are cotpared in Flgure 5 for Elt-e fotr 17
rctrcr and ltrrtd Dtlal area 5 lqurre retrer per hact!'rc.
All equrtlqr! lharc loe slrl,lr'rltlc!, Dut thr current
equrtlon 1r unlque ln allotrlng trc.! to rttaln 81ze!
approacitng IOO cr dblob. itohnltqt'! drta tf,r reltrlcted to
Itcr tlzc! of 5 to 30 qr dDhoD, and ultbtn tbl! ntrg'c, hl!
equation conllltcntly prcdlct! less tbrn E$.Etlqt l, dclplte
thc ulc of llte forr 17 rrtrc! r! r bl!L! for ccptrlson(cf. Vancht (1985d, ccparcd blr 3tard brld rraa lncrcrcnt
equrtlqr sltb itohnltqr'. (1975 p.a5, cql5tldt at 20 r€trer
ritc forr). llosevcr, thr.E fu conrlltcnt a3 itobnltqr predlct!
tle re|n lncrcrcnt of 173 !tc!! tr€r bectqr€, and Eqiltldl 1predl.ct! thc lncr€Lcnt of d.qlr!.nt atrd frccd rtc|! on1y.
lluer'r ( 1943, equrtlqr crhllitr I rltllar prttern of
grorrth, desplte lta coneld3raDL€ lncrerent rate. lb[er,5(1981, llrplc equrtlqr ylcld! rclrrhbly strI.lar prcd.lctldrt
at tbe nqlnatcd lcvck of ltrnd D|'!al rrcr drd lltc forr.
!h:lr coprrlron of lncrcrcnt ceuttlqr! lgnorcd thc effcst of
lllvlcultural, trcatrent. llosr/vsr, rllvlculturrl treatrent
tay brve a luDltantl l cf f act qr dlDtcr Lncrcrcnt,
lttrulrttng lncrcrcnt by up to trGnty pGrccnt (Ftgure a).
lte pattcrn of thl! rcllrqr3c ,.! ldentlcal to tbrt
bypothellz€d Dt Johnrtdt (1978 p.f5) ltrd deteqtcd by Vrnclay(1945d), but tbe lcvGl of tbc rclpqrlc d.lffcas. ilol|I|ltqr(1978 p.f5l proposed an lncrealc ln dtrrcter i.ncrcrent of
aalect! of qrc hundr€d pcrccnt ln tbr thtrd tcar after
trettrent, larkedlt rore thrn tbe current tcnty pcrcent
relponle. V|nclay ( 1985d) fqrd tbrt rtltd, brrrl rrca
lncrcrcnt ray Dc ltirulaLed by teenty-flve percent ln bhe
thlrd ycrr, slggelUlng thrt rtaD otbar th.n dalnant! (g'lth
borvtr crorflr! etc) t|alr be the pri.rarlr Dc|ncflcirrlc! of
lllvlcultural trcrtrcnt.
One of thc urcful featurc! of th. cquatldt prcrentcd bcrc 18
thrt lt enabl€! Dotb tbc cu*ent arururL lncrcrrnt (CAL ard
rean annual tncrcL€nt (HAI) of lrlllvtdurl trc. volrlrr tlrd
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vrlur to b€ detcrrLned |'d erprcllcd ar r ft&ctlqr of tree
rlzc. Ibc at lrdrrd vollm eqlEtlqr rry De ulad to prcdLct
$rcbrntaDle lter volrlc t
v. -o.otslat -o-00567a3 ltF + 0.a2399A EA*SF
Hllcy (I981..b) glver equrtlqrs to predlct lasr recovery lttd
lntrlnltc hcy Erlct vrlr! fror fl\rr-D. A! hl! cqtrtlql! rre
lpccLflc to tndlvtdul brtcbcr tn bt! !tr.dy, lt Lr nec€c!$!r
to rclrtc tbc lrrr.r.tcrr of Ll.! cquatlqr! tytth thc lltc forr
correlpordlng to €ach brtch:
necovrrt (l) = (0.3r88S9 -0-3rAB) + (7.104 -0.52t530) /DBtt
Vrlue (l/cu r) = 3,329SQ -38.10S0/D$
Current ennual lncrctcnt of dlrrctcr, brral rrea, lter
volua, rrt|n volr.Le rrd. vrlue of lndlv{durt !tcr. 1!
lllultratcd, ln Flgurc 5. ltese rehtlonghlps $ere co[puued
for llte forr 17 r.trci rnd rt.r*t baral arei 5 square rEt,rcs
It€r bcctalc, Drrt tbe rcLtlanlhtpr r'ra lcarcclt rltcrcd
trltlrl.n a eldc rangc of lltc fo.r drd ltand b.!r1 lror' (rg
vrrylng .lte forr tbrouqb L2 to ZO rotr.! and !t!nd Dclal
rr€r througL 0 to 30 !q r/br t'lll not lhlft tlc r! tr.r CtI
by rore thrn I qt dbhoD).
IletcrrLnatiqr of tb€ rptrrclrrtc tr.E trtcn to rcrch r givcn
alzc an|blcs th. l|AI to Dc d€tcrrlned. Flqurc 7 lllultrrtct
tD! CII rnal tlAI 1n !tc! volt- qt r rlt yltb llte fon lz
rctra! lrd ltand bllrl traa 5 lqtlre ratra! per lGct|rc.
Sltc forr aDd lt|trd D|rrl .rsr rffcct tb. rrtc of ttAI, but
lcrrccly affcct thr Fattcrn {vrrtlng 31tc fort tbroqb l2 to
20 retrer rtd, stlrrd Drlrl arca throuqb 0 to 30 !q r/br t'llL
not lblft the rrrir.! llAI Dy rore tDan I cr dDhob). If !n
oDjcctlve of forelt DnrglcEnt 1! to rrrlrt r! tDc ltcr
voluc producGd, tbc traa! lhor.rld bc r"tatncd unttl tb€y
rttatn tbelr rarh,[ ||lI rt a2 cr dbbob. thlrr t|lf of rrrar
vollL€ |trd yalue occur! at cvcn lrrgcr atG! !lza! (Tablc 7t.
Tbclc rtze! arc llkaly to Dc ccrlcrvrtlvc, |! tbc cquatton
a!!uc! dclnrnt or frccd rtrtu! throughout tb. Ilfr otr the
trce.
irrt t. crowtb Cbrracterlltic!
I Attrtb'ltc
t _ _
I Diueter (cr,
I Ba'rl, Arrr (aq r)
I l{ercb. Volrle ( cu r)
I Srsr Rccovcrt (cu r)
I Intrinllc Value (g)
tlulr.L XI'II
t
l1 cr dDhoD I
35 cr .lbhob|
a2 cr .rhrroDl|l cr dDboD I
17 cr dbDoD I
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One dliadvrntlrge of Equatlon 1 t! the need to ule nqr-llne&r
reg|relrlqr to eEtlrate tbe prrrletcr!. Houever, tbere are
rore alternattves. Flglrrc! ? rnd 3 rugg€lt tbrt the
dhreter lncrerent could De dclcrtbcd by .n erpooenttal
eqtltiqr auch as I
DJ = r*SQ^*b ^ Dl*c r &fr(-dD, ^ Ep(-eSBA) ^ Ep(fln)
eDd tbi.! could be fltted by llncar rcaEesrlon aftrr rpplyltlg
a logart tbr transforDtt on:
Ln(DI) = a' + DLn(5Q, + cf,n(D, - dD - eSBA + fm t2l
ItliE equrtlon avold,s thc need to ldentlfy r rul.lL
abtalnable dLareter rtrd can b€ fltted ullng llnear
regrelllqr. In addltton, the loqrrltht tranlforratlon uould
help to ltabllLze tlre lrcterorcedrrtlc varlancc corronly
aasocieted gith die-ueter lncrerent observablona.
Another alternatlve t! lr.tggested in Flqmre 6, dr€re the
brla'l area tncrerent relerDle! the dEIr€ of th€ Bertllrnffy
equatton. Tree balal rrea Lncr€rent rry b€ c4rre!!ed:
BI . (P+qsol rEp(-rSBA) ^Ep( Ctl) rD((Drr!r/D)**t -l l  (3,
Thir relatlonrbtp dlffcrr consldenbly frot Equatlon I ard
fro the B€rtalanffy cquatldr (Equrtlqr 3, llLe Equatlql l,prcdl.ct! ruch loeer lncrerentr for trrgr !te! !lre! than
doe! the Bcrtrlrnffy equatlq!), lbe differ€ncc betrecn
Eqratlqrs 1 and 31r rather wr€rlrected. E$rttdr 3 rerults
ln the grertelt dlaret€r Lncrcrent! accrulng to tlte lrallcat
aterr, rfille tn Eqr5tlqr I Lncrcrentr of tD€ !!allc!t !ter8
approrch ze.o (FlEu.e 6). M! d.lfference can De
tleoretically Julttflcd (cee Appendl.r), Dut Is not generally
aupported. by e[plrlcal evidence.
tlhen fitted to tbe cuEent data Eet, nelthcr EquatLon 2 nor
Equatlqr 3 perforred a! uell as dld Equr.tlqr 1. Hor€ver,
Equatton 3 doe! offcr one lntereltlnt trd provocatl,ve
thouqnt. It erphallze! onc further dlffsrcncc begeeen tbe
tleory underlylng thc Bcrtrl|nfft Gqlu'tlqr rnl th€ g.oirtl of
treer, It br! rlrcady b€qlr ltatcd that treer dlffer fror
anlra].! ln bavlng onlt "a thln laycr of ltvlrtg lctrulclrre
enqlorlnq r grortng corpre' (Ilarlrcr L977 p.2l.8l . One -urtbcr
dlffcrcnce Ir thrt tn rnl.rals r11 llvlnE tllluer rre capable
of cellubr divllldt, but ln treer thts rctlvlttr 1! cqtflncd
to thc qrrbtlL. lbus ln tree!, the volurc incret€nt derlves
frq tlre bole rrca, and the Dalr'l area lncrerent lE
detenlned Dy the girth or dlar€ter of the tree rathcr tban
by lt! balal arer.
Equatton I offerr lore lnte.4t1Bgr ertenslonr. In Equatlon
1, tbe coponent D't{ (IL.r/D) r't!-l} rcprerent! tbe relattve
ratea of pbotoslmtherl! ltrd rerplratlon of the Bertrl|rffy
equatlon' the cotponent ( plq'\So) reprclcnt! ttre lnfluence of
alte on tlle rate of pbotorlmtheslB rnd relplrrtlql, the
corponent &p(r^SBA) represents the co[petition for irater
- 1 5 -  
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and nutrlentr (but not for ltght). and the terE Erp(u^D)
representc tlre relatlve proportion of llvlnt tlssue vigbin
the ster. ltlr final terr prest.lably rclatcr to tbe
proportlon of saprDod, and to.the prsg lncrercnt rrte of the
tree. In order to tect tbl! allr.Lptlon, the flml tcrr of
E$5tlon 1, fft{ u*D, $a! rePhced ylth thc ctltrclrioft
tnf 1. o, v'tmI/DI
t'llere PDI ir the average rnnlral lncrerent rate durlng the
prevlous perlod. Ftttlng tlte relatlonrLlp to tbe drta and
holdlng all otber parateterr conltant (as ln TrDIe {)
ylelded rn ertlaate of 8.9 for v. ff rll thc parrr€tcrr
t'crc elthatGd .nd, y $ar found to De 1.2, fn Doth caser,
prcdl.ctton! tr?rc not ro g|ood a! equrtlqr 1, ro thc approach
hr! no g€nerrl appliqatlon. HotGver, It do€r offer rd€
lntereltlng polllbllltlc! for radclllng recovery fro!
auppreralon.
The current approactt of trredlcttng ctand level lncrerent(Vanclry 1985b) ir robu6t and is oost useful in [onospeclfic
startd!. Hot sver, the approach crrmot be uled wltlrout
dlfflculty ln rlred rlrccler rtards. In lucb rtrrtdr, lt 1r
dellrr.ble to predlct lncrcrent rt tree level - Equatlon I crn
be rodlfled to producc a v€rlatlle lr*llvldurl t;ec lncrerent
eqiltion.
DI = f(S0) *g(SBA) ^h(tR) *Dfq(E)^ (ILrr/D) **r-tf,rp(D, (4)
ttlere q(f.E, reprcrcntr llght crtlnction, and ray bc a
frmctioo of the fon
q(LE) . Efr( -a'tST)
ln tfrlcb 3I iE tlre rl.|l of rqe altrlbutc (helght, dlareter,
balal area, etc) of tlle trce! taller thrn th€ 3ubject tree.
8. Cq|clurlo
Equrtton I provldcr a good lndlcatlon of the potenttaL
dlareter lncrerent of cypres! plne. It predlctr tbe
dlarcte. lncrerent of donlnant of freed stens rrlth heavy
d!.eback free c.ownr and ureful ltei forl, and requires alte
forr (r), strnd baral rr6a (!q r/hrt, dlueter (cr dDhoD )
and tire slnce lart lllvlcuLtural trertrent (year!).
Indep€ndcnt tertr lrd,l.cage tbrt tbts eqtE'tion rry ba prone
to overesthatlrrg the lncre[ent of thcre tree!.
TaDle 7 trrdlcates tbe lter Eize rt tfilch volr-Le and value
llAI reaclres lts Erllr.n. In order to rarhlze !rt{r volue
productLon, tbrlfty clrpres! plne rtct! should not De
harveated Lurttl they lrave attal.ned a !l.ze of arl cr dblrob.
- L 7 - . .
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f0. lfDqrur
lbe Bertalanffy equatlon rlarler that for anl!aL!:
llelEht Increrent - f(anrbolllr, - g( catrbollar)
and tbat thts c.n De erp.erled a! thc dlfference Detseen ttro
alloletrt c equrtlon!:
d l | /d t=a* I l r$ rD_c, rn
If tt ia alaulcd thlt !o[e dlrcnllon of tbe organla!, aay
length, bas an alloretrlc relatlonrhtp trlth lts t|etght,
n = P^L'r,tq
then the erpre6alon lay al6o be etpresGed
d l / d t = r / r L r , t ! - t ' t f r
Hosever, far dolnant treer trlth no sorpetltlon for 1i9ht
the liturtlon 1r r little dlffcrent. Let
Vofu-le Increrent - f ( photollmtheslr ) - g(re6pl.ration)
and thuc
dv/dt = p(Leaf Area) - q(Volrlle of f,lvitrg TLseue)
tibere p( ) rnd q( ) are sore rllorctrlc fi.[rctlon!. Then
erprerll'ng tblr tn tenr of dl[eter (D), Drlal area (84)
rnd heigbt (H),
d( I'IEA H)/dt - arrHAD 'tb - c'tHrrl)
and assurlng tbat heigrbt ernlblts lole allo[etrlc
relatlonrhip el.tlt dLareter,
H = g*D*^h
t'e g|et
d(r'tD'r^ ( 2+h) ) /dt . a*g|rD*'r (D+h) - c*9*D^* ( t+hl
Itls can be ranlFrlrted to produce Equatlon 3:
d(n^BAr*(1+b/2) )/dt = arg*D,r^ ( b+h, - c,tg*D ^(1+h)
f (l+h/2r'tn,tBA,t^<lrl2rl t dBA/dt . a*g*Ilt* ( b+h ) - c'tg!tD^,t ( 1+b)
dBA/dt = ta*9*Ilr't(b+h) - c'tq^D**( 1+h) I / t ( I+h/2)*trl),rrb]
tud flnaUy se get Equation 3:
d B A / d t = P A D ^ ' r b _ q , r D
lf@, erpresslng tbe sale relablonshl,p ln terrs of dtareLer
lncrelent (dD/dbt rather thln Dalal arcr lncretcnt (d8A/alt )
tte bive a
d(I'tllt^2rldt = F*D*^b - qrD(z*k^D) r dD/dt = FaD*,tD - q^D
dD/d t  =  r^D^r (D_ l )  _ ,
And slnce b ray De a8lrlLcd to lte Detween zero and unl.ty,
thl! ray be etprersed
dD/dt = r/ (D ,rt) _ ,
lrtrlcb clearly attr'lns ltr rar1lr! for srall. dlareters, and
decreare! ronotonLcelly ar dlrreter lncrease!.
